We established, that crystalline hydrate of 2,3:4,5-di-O-isopropylidene-ß-D-arabino-hexos-2-ulo-2,6-pyranose is a new, convenient and stable reagent for solid phase synthesis of peptide derived Amadori products. The structure of the title compound was studied by X-ray analysis, NMR spectroscopy, and high resolution ESI-MS. The crystal structure indicated the existence of two symmetry-independent molecules that were not connected with hydrogen bonds. A comparison with previously reported 2,3:4,5-di-O-isopropylidene-ß-Dfructopyranose revealed, that these two compounds are isostructural.
Introduction
Reducing sugars react nonenzymatically with free amino groups of proteins to form Amadori products, which undergo a series of complex reactions leading to the formation of advanced glycation end products (AGEs) involved in aging, diabetes, and other pathological processes [1, 2] . These reactions also occur during food processing or cooking, affecting flavors, color, and organoleptic properties of foods. Peptide-derived Amadori products are a subject of interest in clinical chemistry as markers of diabetes mellitus. Recent reports suggest a significant influence of the glycation process on the function of relatively short-lived hormones and regulatory peptides [3, 4] . The dynamic progress in the studies of the biochemical consequences of Maillard reaction as well as a search for biomarkers of diabetes requires the development of a fast, convenient, and general method of glycated peptide synthesis.
The 2, 3:4, 5 -di-O-isopropylidene-β-D-arabinohexos-2-ulo-2,6-pyranose (I) is a common reagent used for solid [5] [6] [7] [8] and solution [9, 10] phase synthesis of peptide derived Amadori products by reductive alkylation of the ε-amino groups of the lysine residue or N-terminal α-amino groups in the presence of sodium cyanoborohydride. Previously the same reagent was also applied for synthesis of natural products, talatomycins A, B and 1-deoxy-6-castanospermine [11, 12] . This compound was also an intermediate in the synthesis of 3-heptuloses [13] . Unfortunately, I is an amorphous, oily hydroxyl H atoms) were generated in idealized positions and refined using the riding model (C-H bond length of 0.95 Å for H atoms from the methyl group, 0.99 Å for H atoms from the methylene group). The hydroxyl H atoms were found on the difference Fourier map and kept using a distance restraint (0.82 Å for O-H bond length; the displacement parameter: 1.5 Ueq(O)). Absolute configuration was assumed based on the starting compound's known configuration (as Mo K α radiation was used in the X-ray diffraction experiment, all Friedel pairs were merged).
Solid phase synthesis of glycoconjugate Lys(Fru)-Ala-Ala-Phe
The solid phase synthesis of glycoconjugate Lys(Fru)-Ala-Ala-Phe (IV) was performed according to a previously reported procedure [5] , replacing the 2,3: 
Synthesis novel lysine derivative: FmocLys(i,i-Fru,BOC)-OH (III)
The synthesis of Fmoc-Lys(i,i-Fru,BOC)-OH, which is a building block useful for the synthesis of posttranslationally modified glycated peptides, was performed according to a previously reported procedure [7] . Our procedure was modified by replacing the 2,3:4,5-di-O-isopropylidene-β-D-arabino-hexos-2-ulo-2,6-pyranose with its hydrate II.
Yield compound, what makes its purification, characterization and handling inconvenient. In the following paper we have described the preparation and the structure of crystalline 2,3:4,5-di-O-isopropylidene-β-D-arabinohexos-2-ulo-2,6-pyranose hydrate (II).
Experimental procedure

Preparation 2,3:4,5-di-O-isopropylidene-β-D-arabino-hexos-2-ulo-2,6-pyranose hydrate (II)
2,3:4,5-di-isopropylidene-β-D-fructopyranose has been obtained by the reaction of β-D-fructopyranose with acetone in the presence of sulfuric acid by the procedure described by Brady [14] . The product was subsequently oxidized with the pyridinium chlorochromate (VI), following Cubero et al. [11] . The obtained oily product was purified on silicagel column using diethyl ether as an eluent. Two fold molar excess of water was added to the purified oil and overnight the colorless crystals of the title compound appeared. Obtained product was washed with the mixture of diethyl ether -hexane (1:5 
Crystal structure determination
The crystallographic measurements were performed on κ-geometry Kuma KM4CCD automated four-circle difractometer with graphite monochromatized Mo K α radiation. The data for crystals were collected at 100 K using the Oxford Cryosystems cooler. The structure was solved by direct methods with SHELXS97 and refined using SHELXL97 [15] . All H atoms (except for the 
Results and discussion
Compound I, which can be obtained by oxidation of 2,3:4,5-di-O-isopropylidene-β-D-fructopyranose in presence of water, forms solid, crystalline derivative II which has a gem-diol structure. The compound is stable and can be stored at room temperature for many months without any evidence of oxidation or decomposition. Molecular mass of hydrate measured by ESI-MS for [M+Na] + ion is consistent with that calculated for the formula C 12 H 20 O 7 Na. GC-MS measurement gave the same retention time and fragmentation pattern as GC-MS of the starting aldehyde. Hydrate II was analysed by 1 H NMR. Spectra were measured in CDCl 3 , CD 3 CN and DMSO-d6. Spectrum measured in DMSO is in a good agreement with the structure proposed for the hydrate. The doublets at 5.62 and 5.70 ppm confirmed the presence of two geminal hydroxyl groups attached to the carbon C1 while the signal corresponding to the free aldehyde group is not present. On the other hand, the spectra measured in acetonitrile and chloroform are more complex. The signals of geminal hydroxyl groups are still present, but the strong, sharp singlet at 9.51 ppm indicated the presence of free, unhydrated aldehyde in the solution. The content of free 2,3:4,5-di-O-isopropylidene-β-D-arabino-hexos-2-ulo-2,6-pyranose in solution 20 min after dissolving the sample evaluated on the basis of integrated aldehyde peak is 21% in CD 3 CN and respectively 24% in CDCl 3 . These experiments suggest that a partial dehydratation of gem-diol II takes place spontaneously in the organic solvents.
The crystal structure of compound II shows that it's C1 atom is substituted by two OH groups, forming gem-diol moiety (Table 1 ). Overall structure of the investigated hydrate II is very similar to that reported for 2,3:
The molecule III differs from the molecule II by the absence of one of the hydroxyl groups on carbon C1. Both crystal structures are isostructural. In the unit cell two symmetry-independent molecules could be distinguished, namely A and B. The atom labeling system is adopted from Lis and Weichsel [17] ( Fig. 1 ) for comparison purposes. The H atoms from hydroxyl groups bonded to C1 atoms are disordered [17] . In both cases pyranosyl ring forms 2 S 0 twisted boats ( Table  2 ). The 2,3-isopropylidene rings are of envelope ( 3 E) conformation while the 4,5-isopropylidene rings are close to 1 5 T twist in A molecule and to 1 E envelope conformation in B molecule. In crystal structure of compound II the molecules A and B are not interconnected with hydrogen bonds. The same situation takes plase for the crystal of compound III. Similar motifs of hydrogen bonds forming a square about four-fold axis at (0,0,z) and (1/2,1/2,z+1/2) could be distinguished for compounds II and III (Table  3) . In these motifs both disordered components of both hydroxyl groups bonded to C1 atom are involved and act as hydrogen bond donors as well as acceptors.
Relatively high content of free aldehyde in solution of hydrate II in organic solvents revealed by NMR studies suggests that the crystalline hydrate of 2,3:4,5-di-Oisopropylidene-β-D-arabino-hexos-2-ulo-2,6-pyranose may convert spontaneously to the compound I. Therefore the hydrate can be used as a convenient and stable precursor of the compound I. In order to test this possibility we used the crystalline hydrate for the solid phase synthesis of Amadori products on the ε-amino group of lysine. Synthesis of the model compound Lys(Fru)-Ala-AlaPhe was performed in conditions given in our previous paper [5] . The crude reaction product was tested by HPLC and ESI-MS methods. After purification by preparative HPLC, the identity of the product was confirmed by high resolution ESI-MS and ESI-MS/MS. Yields and purity of the obtained product was similar to that synthesized applying the free aldehyde [5] . Compound II was also tested in synthesis of (Nα-9-fluorenylmethoxycarbonyl-N ε-te r t-b u ty l o x y c a r b o n y l -N ε-N -( 2 ,3 :4 ,5 -d i -Oisopropyliden-1-deoxy-β-D-fructopyranose-1-ylo)lysine, Fmoc-Lys(i,i-Fru,BOC)-OH (III), which is a building block useful for incorporating the glycated lysine moiety into the peptide chain. 7, 8 The product III was obtained by reductive alkylation of Fmoc-Lys-OH trifluoroacetate in THF using compound II in the presence of sodium cyanoborohydride. After the glycation, the secondary amino group of lysine was protected using Boc 2 O. The scheme of synthesis was presented in Scheme 1. The final product was purified on a silica-gel column. The purity and identity of obtained derivative (III) was confirmed by analytical HPLC, TLC, ESI-MS, ESI-MS/ MS and NMR The obtained results were the same as those reported for synthesis utilizing the free aldehyde I [7] . The reactivity of the aldehyde (I) and the crystaline hydrate of 2,3:4,5-di-O-isopropylidene-β-D-arabinohexos-2-ulo-2,6-pyranose (II) in applied conditions is comparable which was confirmed by very similar yields and purities obtained using reagents (I) and (II).
Conclusion
The stable and crystaline hydrate of 2,3:4,5-di-Oisopropylidene-β-D-arabino-hexos-2-ulo-2,6-pyranose (II) was obtained. The title compound has geminal diol structure in solid state and in DMSO, however in acetonitrile and chloroform spontaneously decomposes to free aldehyde (I). Presented examples show that compound (II) can be successfully used for the synthesis of peptides and other derivatives containing glycated lysine residue.
